8507 B 12 B H A 2 # Vol.27,No. 12
2007 £ 12 A ACTA ECOLOGICA SINICA Dec. ,2007

ERlERS A TIMEERB A
e 22 FIRBREEILT

A BRE S, RAE, AR 2EF AW, yRE"
(1. P ERHEBRE R R AESBFET, KY  410125,2. BRI R AFEYRHEEARER, KY  410128;
3. HEREBINIE IR RO AR RGBT A, , 3FIL 5472004, B 5RO RSEZR T, iR 210095;
5. HARAIRFERERE, 2 730070)

WE RASEREMRTT AZEN T E, DRI AR E, DITREHE o, 2 A T Ee S a4 s, BT9E TR e
B 4 RARTHRX AR/IKE 222 Z FHEBIHMERZRISROEL . EREY, THREAYFSREERATE, LHREE R
T 91 B206 J& 241 Fir , (UH BARI X HY 26. 6% ,6 FifE B BRI I8 & R 51 0 4 BALR B A — A — 3 A — Rl
Mt kT R B BER SR LI R AR R R BRI R SRR TR, BN E
% KD BIES RS, S TRAAE AT B AR X . ARTHRIT XA A RRE R ERA R, g kb + B
BB, 223 T A B RN, B3 K e + HOR ., SRAR R BB T4, SRAR + U + B K PR IR AR X B AR, B
BT RAIRAE + B K BRIR TS o BEANEE WM MIR H T REFGIERE ie TI R AR R KA AT 5 AR a1 4 &
HERERE. MESHA TR BRI EG IR SESRALTRERCRS T HERKEZRMESERZEFERN
B E ML R X

KRR AT BRIKE A BE s TR IR BTG L e

XEHE:1000-0933(2007)12-5110-10 hEHHS: Q048 STHHFIRMG:A

Changes in vegetation after 22 years’ natural restoration in the karst disturbed

area in Northwest Guangxi

ZENG Fu-Ping'®, PENG Wan-Xia'”?, SONG Tong-Qing'’, WANG Ke-Lin'’, WU Hai-Yong'*, SONG Xi-
Juan'?, ZENG Zhao-Xia'*

1 Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China

2 College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China

3 Station of Karst Ecology in Huanjiang , Institute of Subtropical Agriculture, CAS, Huanjiang 547200, China

4 Tea Institute, Nanjing Agricultural University, Nanjing 210095, China

5 Pratacultural College, Gansu Agricultural University, Lanzhou 730070, China

Acta Ecologica Sinica 2007 ,27(12) :5110 ~ 5119.

Abstract; Disturbance of ecosystem is ubiquitous in the world, which would primarily affect plant communities. The

ESWH : P ERERI RT3 I B R B (KZCX2-XB2-08-02) ; B K B U B BT 5 & R TH&1 (973 3H&1) BT By B (2006CB403208 ) ; B 52
“+—A "B THRIFE B IR B (2006BACO1A10)

545 B 37 :2007-06-08 ; 4&iT B #4:2007-09-18

YEEB A BETF( 1964 ~ ), B BILRTIA IR R, TEMELED RS, E-mail. fpzeng@ isa. ac. en

Foundation item ; The project was financially supported by West Project of Chinese Academy of Sciences (No. KZCX2-XB2-08-02) , the Project of the
National Key Basic Research and Development Plan 973 ( No. 2006CB403208) , and the National Eleventh Five-year Plan of Science and Technology
Supporting (No.2006BAC01A10)

Received date:2007-06-08 ; Accepted date:2007-09-18

Biography : ZENG Fu-Ping, Professor, mainly engaged in ecology. E-mail; fpzeng@ isa. ac. cn

http://www. ecologica. cn



12 4 BET % ETICEHR A T AR B RIS 22 SRR IIERRE 5111

variations of plant vegetation and spatial distribution were investigated in the areas of four typical disturbances, which had
been under natural restoration for 22 years in the karst area in the northwest of Guangxi while the climax plant community
was utilized as control. The slope scale and disturbance theory was used to study plant diversity in whole area and selected
plots. It is clear that the disturbances had resulted in severe loss of plant species, only 241 species of vascular plant that
belong to 91 families and 206 genera survived in the disturbed areas, it was only 26. 6% of that in natural conservation
area. The consequent succession of plant vegetation types were sparse grass of rocky desertification, grass, shrub, liana-
shrub, deciduous broad-leaved forest, and mixed segment of evergreen and deciduous broad-leaved forest. The height,
coverage , biomass and species diversity of plants decreased sharply with slope elevating and the plant density appeared with
normal distribution. Compared with the natural conservation area all criteria of plant vegetation in disturbed areas were
much worse. Furthermore, different types of disturbances showed various affections on natural vegetative restoration, among
them, tillage after whole slope burned caused the worst impact where rocky desertification was the consequence, followed by
depasturing after whole slope burned. While cutting was selective disturbance, the vegetative restoration in the area with
combination of cutting, depasturing and slope foot burning was relatively fast, however, it was even better in the area with
combination of cutting and slope foot burning. Based on our studies, four strategies for vegetative recovery considering both

natural and artificial approaches were established, which were suitable for the karst area in the northwest of Guangxi.

Key Words: disturbance; natural vegetation; vegetation characteristics; community succession; Karst area
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DR AR R ALY R R REE AR RN E W R TR KRR E R E &S,
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108°19'58. 4" ,24°43'58.9" ~24°44'48. 8"N, 31  1U J& &5 , f MK , YR R B 647. 2m, KK 272. Om, R K
HAR 22 375. 2m, MTEARE , R BEBE, =25 B9 o 62% » HHOVFRABARAO KL, EH A RE TR
i 15% , + 3R BF 20 ~ 160cm, A BB E N =30% , + 25, — K 10 ~50em, ZEFLHKEN
19.9C,7 AR K 27.9C,1 A FEHSIE 10. 1C , BSRRE A 51 38. 7CHl -5.2°C 4EFH =10C
R 6300°C , JLFEH 329d, ZAEFHFEME 1389. lmm, 4 ~8 Iy AW, EWE 5241 73.7%,9 AE
BAE3 Ay RE, Y HR 1451 1h, FHRHSES & 413. 8K/ om” , AP A RURS & 211. 9kJ/em’,
BASHFUO RN R, A T IR RR X, 8 S B B R T AL SR e A B i . D IR UERE 5 1R 25 9 VEE
PRI o, BFAMR A FREFE LI 5 Y , Bl BE B < 10km,
2 MEFE
2.1 THRHFASREFE

B ILRE R X B T AR L , K A T R EEA 4 5 R (L) i B KbE, &
TP R A BB E MBI, R T &5 LK E Oy /E R A B TIURAL . @i E U5 S/ R SL %
£, R BUE 1984 42 AT, Wl K AL LR 290 Sk4s, Hrpk 4= 220 3k, 3840 70 3k K4 EBAE T HERE, ®S
FERESITE B, 9 RIE 4 BERZ BB i R , SAE SRR I, A B R IPOL, AR INE T L
(EEFEARMER) , UM BN RAECEHRK) BRI, GO BUR M A AR, LIS A R,
BHRASHHTHRBTFREN 4K T. RECEFTE) + KROEF LR, T. RECGEFTE) + K5
(R B8R + B (R , . KB CRRIR) + U (B30 , IV ke (B3 + B (B30 » 1985 2 )5, Bl
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B Z e, BIE B TS, &5 224 KK E SRR T AR B R EH, A e ERINALFE
DB TR A i B (NEXELLIR B , RBETE BUREE , AT LA JE T P08 B V B 70 WL B e ORI B
A& BRRYK
2.2 FHAAE
2.2.1 M¥IEAE

2007 4£ 4 ~5 B, e ERER P IR R R A SRENMBIRN, BE TR FER-ZW T |
I I V4 FARTHRBASREE b T 3 M B (PR 12 B irEd) 3 REE, ik
H 36 4~ 10m x 10m 77 , HE MNP IR R I B AR B AR X FEIRBEE 3 A 10m x 10m BT E
SR o FeAR EARFIEAFE A BT AR 23 5108 20m % 30m,10m x 10m 1 Sm x5m, HAMFeARREHS g 10 4>
6m x 10m FeARBET; , BB NIRRT WRE 1 4> Sm xSm EARFET M 14> 1m x lm BEARET , B MERREH
G304 A SmxSm EARBS LA Im x Im BARRET , BNERFREIAERE S A Im x Im EARFT
TAEICRE M WIT EARRARTRE B R R SR GEIENEE  EARYEE ML 58 .2
B PR MR ; R IEREAE7 BB B TP A | HRARAE D Rme 7 SRR B R e R
BIESE, TR GPS BT EN
2.2.2 AEYERAE
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3.1 TR BRI B Yy FpLE szt
3.1.1  THRKABE Yy Fp il BURE

B SMARG TR R, Bl TR XA 45 R Y 01 B 206 & 241 Fh (M T HER) . HBREHEY
IR 1S B4 19 B, BT 1R TR 2 B2 F, 8 FHE YT F Y 4 63 B 173 #, A7 Y
1147 5, BRPEE G S g R (18 ) ZERL(16 i) FIARARL(18 #) , B =5 FF B C it
(5 ) FERBL(8 ) BRIBAERH(T Fb) BFL(6 Fp) WZERL(S #) =FRL(S ) EER(S #) . DHEER
(6 #) EARH(S F) FFFER(9 F) , LA 1 13 ARHETHE 113 F, & 2FFE 45.9% ,1 B} 4 P A =R
PR E 4R HE SRR LRI MR 7R 1A 2 MR 21 B R 45 RSR LR B, RIBHYA
KEDERE, BEl TR LA EAMEY) 107 5, 3K 73 F6, B4 29 B, /MEARZETA 32 B, H KPR
KA B M 5 4 ( Sapium rotundifolium) , #MR ( Celtis tetrandrassp. slnensls ) | # B 52 32 ( Gleditsia fera) A IUFE
( Ficus virens var. sublanceolata) \W{#i ( Ulmus parvifolia) . %34 ( Pyrus betulaefolia ) M7 ( Loropetalum chinense) .
SE S ( Radermachera sinica) .|~ P4 B & ( Croton kangsiensis ) | 2 3] ( Vitex negundo ) ., /)N ¥4 #% ( Broussonetia
kazinok. ) #1735 L BRAT (Alchornea trewioides. ) \Eh Bk AR ( Rhus chinensis) AT HAEM( Zanthoxylum armatum) )\ f§
W (Alangium chinensis ) | JK & 3 F K ( Cipadessa cinerascens. ) . /N5 BF i ( Mallotus microcarpus ) | & & #& F
( Glochidion philippicum ) |3 2% ( Euphorbia milii) ‘K ( Pyracantha fortuneana) i%%% ( Rhamnus utilis) . &¥2F
(Rosa laevigata) | .75k ( Bauhinia championii) . 111 58 ( Pueraria montana) 3 ( Imperata cylindrica) .5 435
M ( Microstegium vagans) \JE3F ( Saccharum arundinaceum) . R ( Artemisia hedinii) | %41 ¥ ( Bidens parviflora) |
W32 ( Pteridium aquilinum ) | ¥ B ( Nephrolepis auriculata ) | = ¥ ( Dicranopteris pedata ) | ¥ 7 2 ( Arundinella
anomala) 5§ , Forp [B M- B4 AR FE B 38 L BFR] L /METAR LLE LI BRAT BRI R VP BB AR IR B HR AR K
B eBT BF BAF R B BCRFR TR A RS FE SRR 3bEh, T THRE X, B
=, BN R RER Y 8 RSB Y.
3.1.2 THTYIFPLE B

THRX YRR E™E, BAKE T 22a, (B HYFE A ARILZAK BARYX 906 7 26.6% , HAF
BT TR B (R 1) ke + BRE T , B EBE(35 ~50°) HEOL T ,454F
FFE, FBOKTWEE, TERERE TR, IR T ABRARN, 22 FH 25, UHHBRFEEHR—, R
AT BB Cyclosorus aridus) BHEFHIF S L6 B 9 MEATEN , REMEEMR K, Rk + k(S B
) THX A 38 7 52 )& 61 7, BARABEAREE BN ARNMECER T 13 F, M BT BMH S0 MY 4
BRSSPI AN, AN EH = kM J& 5% ( Viburnum triplinerve ) | 2RV 18 (Ardisia crenata) , XM 2 B
(Jasminum beesianum) 4175 7%5% ( Vitis sp. ) M 0 BE ( Bauhinia sp. ) SERMBER, R + (P L
) + BURX R E B, LA YFP 41 B 53 J& 65 FF, B TSR EM A ILER T B FM Sia . FE A
( Miliusa chunii) 384k ( Cleidion brevipetiolatum) /)N SEEF ] 45 ( Ficus gibbosa) | & B % . 4 NI B ( Smilax
china) GEM I FRGETEARNBEAMY), BAER BEANERNYFH LT TR, BYF 8580549
T BRI ARYF LT 28 F, RELTIEK 24.3% . HMT 1. IR TR, ke (B3) + ik sk
g , LEEY) 36 £ 49 |8 54 B, {UH FH#E (Toona sinensis) | [BIH i /IMEAR (Swida paucinervis) ZF 6 FpIt
AREHE, AR FBA SO B MRS . BRSO, 5 BRI X L, YRR Ak
B E, AP AR ERREHTRESE T ARLER, UHEIE IR LR ER , R0 52 E =
25° L4 b 3T B AR TS 1E s KR SR AR KA A , M-SR &, B 220 0, SRR SR AR AR O, e L = 4
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B P8R B K HLER B B, MUK S s SR e MR A5, EBRE B MR , 3 HAt B Wy R T FE S 3¢
A, 3O B HGI RS, YR B 0 P T AR g BV R, AR PR R R SRR

£1 FRTHRRUMEABRGETR
Table1 Statistics of plant species composition in different disturbance areas

THKR EI AR B4 A BEEE # R h
Disturbance Tree Shrub Liana Grass Coverage Family Genera Species

I 13 17 14 17 0.8 38 52 61

I 16 19 21 0.9 41 53 65

m 12 11 25 0.7 36 49 54

v 0 0 0 9 0 5 6 9

A 37 12 10 15 0.9 50 63 74

3.2 THERHRERE

BRI TP X B B 6 T g BY B i 8 R3O0 A EAAR R EA > BN EABERIEA -
P F AR M VAR S Bro HoP W S M MR SIS T A0 THUXE LA B 98 Rl BE b, TR
B, RIS HATRE, R KRR R RS R Ak BERR X, TR T YRS
HERE—FRA MR, S 3T RERANE R, IS Dy R, & KB T 907 S 3F 5eak B YA
WA, W32 WEH, Bl TIXEEA - E TR, BB + BT X A2 35 Ty Fe R
R EAZ SN, BEE KR T AR BT, ROk BRI, 77 0 MK ok, eI IR sk,
WRAREMES , HERETE T AR IREEEENL AR TR LR NS, T
ZFEOR, KPR + O B3 KR TR AT Z B3 8T A BERITE AT RAE + KB
(P BER) + BB  BERITE A —TE AT BEIRUKEE + T 0 A FE

®2 THEAREXHERESEATH
Table 2 The types of plant community and its vertical changes in disturbed area

i) AL M 48 (m) by HBERE
Types Slope position Slope aspect  Altitude Description Vegetation types
I _k Upper NW 347 fM BR3E Pteridium aquilinum
rass
. LN JOBE+ B
! Medium NW 321 Shrubs Pyracantha fortuneana + Vitex negundo
S w0 e N U RO e
Tree-shrubs Sapium rotundifolium + Gleditsia fera + Bulbophyllum
L=V BEEM+AE
I £ Upper NE 351 Grass Microstegium vagans + Artemisia hedinii
. EEN N + 3
! Medium NE 327 Shrub-grass Vitex negundo + Saccharum arundinaceum
LN B+ BT + RE
T Lower NE 3 Shrubs Vitex negundo + Rosa laevigata + Artemisia hedinii
L=V BR3E + BAEFEAT
e £ Upper N 359 Grass Preridium aquilinum + Microstegium vagans
. LN JNFR + B
! Medium N 3% Shrubs Alangium chinensis + Vitex negundo
- Lover . - WAL EIH +/DREHA O
Liana-shrubs Euphorbia milii + Mallotus microcarpus + Oreocnide frutescens
I\% Yk Whole NW 289 ~343 A4 Rock i E A sparse grass
TRAR B X + BB
v 1.k Upper NE 716 Climax Cyclobalanopsis glauca + Choerospondias axillaris
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3.3 THRHEESWENL

T X B St BE T PR B A B BT AR L (3R 3)  BR AR + RT3 E AL
B (VA B EST HTLREAR (R 0. 02m, 2 3 M/m®) 240, T\ T M=K T4 X 0 B8 A0 2 B S E 6 45
AR BT X RS I B 4 AR AR, R R BT <3 b < P I AR T I B
Hh AN, B BEIE AN, 3 P I B MR B AR AR 1B B R4 B B FR R R R T . 3 RR AL TR
X A3 B FBH M, B (0. 58 ~0.66m) (BB (48.9 ~56.3 Mi/m”) M BE (0. 50 ~0.55) ,AEAARK, e
MY TR, W THERENSABENT > T > T, HENBARERZ, EENT > 1 >0, H+
I IRTMEBRFAEE [ RHBET 12R240, HET W HRBAL, T2 TR IXHE%E = 2R TR, 225
FA TA2#928.7% F131. 1% A5 REBE/NIRE ARS8 B3 hn , 3 B b7, o0 1 AT 2Kk 4.7
AL, WhHR, EE EEMEENE L > 1T > IIERBR, Heb MR EE 58 EE AR M
AR/ NTRRR, B BTN, STHREM L, & TIRK KRS A T AR, T
LTHREBRNRF RN > > T > 1, R AR EREBEIHABRUZI, KRG RE BB
HEMTIHEEFT K, BRREHESZIE, HE 2 RTRRKIREREET

£3 FETRERBEELEMHTEL

Table 3 Changes in plant community structure in different disturbance areas

#F Lower slope #F Lower slope
w8 & o N & e
Types Hﬁejijfht Density (ind./m’) B Coverae Hﬁejiit Density (ind. /n’) IR Covemer
o TAk mw mR BE ) Rk BE TEE B
Trees Community  T-shrubs  Community Trees Community  T-shrubs Community
I 4.74 0.34 15.4 0.75 0.8 1.21 0 64.9 0.7 0.75
I 4.38 0.1 17.8 0.85 0.9 1.17 0 59.3 0.7 0.75
m 2.05 0.03 42.4 0.55 0.7 0.92 0 58.1 0.35 0.55
v 0.02 0 3 <0.01 <0.01 0.02 0 3 0 <0.01
v 11.56 0.24 9.31 0.85 0.9 8.32 0.63 13.90 0.85 0.9

3.4 FTRERWBEEYEDL

FENRTIT  BEE BB, BRS04, IR S Th b5, Ak 7= h B R AT S8 An—— vk 4
YR, THERR THRESA B, TRRKEOBEEEYE(BNVETRILFREEWEZI)  EEREH
BT R R AR T M TR A YR B, AR A Y B, AR T X% 2B B A —
3(14.23 ~15.11vhm’) PP ZRBA K (18.39 ~21.40 vhm®) , ACERE I T NE A0 TR H
EAEYBEN, B4 T, ELTRAOALD BRED X TR 894 Y 8815 131,42 v, B 91.57%
NFAREYE SRENEYEITEYS A8, FTREUAR, NERE + KBETHRENE TR
E—RM 24 + R IE + A AR, TR SR R, BV AR IE R R, 4
BN 68.76 v/hm® , LK BITRARBEA 1Y 55.56% , H 73.02% KT ALY, X LA S EE R E
RIS B AR YA AR, 3 3 AR K B T SRR AR R R, A B K, BT AR REYRK
60.89% , A Y BEEHIA ST, 1 BRI B, BAMEREE B MR L BIBOR , AR M i AR i B
B, A AR . TERAE + K88 + U TR, by T2 R B s ) B, 325 4 [ - B2, R4 7 K B
MR T B R M T S T X LA A &, (B RV AR  E AR A b AR B S48 , i J8 ok, W K, B PR 4
BEAMEKET BT, FEANHAEFET, RER EEABEL—EHF, AT EA, HAEY R LI E
IEHER AT T 89.40 vhm' JEARZEYE G 93.71% , A X 5 THAREYWERE 73.93% , T
00 8.26% , FIEABREE R , RSB E EUIREC s o 7EA088 + B TR, A AT T48, /28
BN T LB B ARIRE , R — e DL B Rk % o T SEBEAR , 2 R/, AU 27. 18 vhm TR AR
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HIEYREOR, & BAEYER 31.5% , BARERTEA EMER. 82, MATHREMHL, THREOEYE
AR/ PRI HE IR, BEA I IR BHERS , LA B M S5 P D S Ao F) T AR R sk B P Aot A 3 SR 4 9 = B B R
M

F4 TRATHRRAFEEEDER R

Table 4 The biomass and composition of plant community in different disturbance areas

I I m )i

—_ Mk EAE AME EA% AME EA%E MR EA%
Biomass Centage Biomass Centage Biomass Centage Biomass Centage

(/hm?) (%) (¢/hm?) (%) (¢/hm?) (%) (v/hm?) (%)

FRE F Trunk 11.05 22.01 0 0 0 0 40.25 33.45
Trees #3% Branch 5.54 11.03 0 0 0 0 26.44 21.97
I Leaf 3.05 6.07 0 0 0 0 18.57 15.43

B Stake 22.96 45.73 0 0 0 0 26.17 21.75

#2 Root 7.61 15.16 0 0 0 0 8.91 7.4

/Mt Subtotal 50.21 73.02 0 0 0 0 120.34 91.57

HEARE #3% Branch 3.48 61.56 61.94 73.93 11.76 68.25 2.31 56.9
Shrubs I Leaf 1.77 31.38 6.92 8.26 2.23 12.92 1.04 25.61
#2 Root 0.4 7.06 14.92 17.81 3.24 18.83 0.71 17.49

/Mt Subtotal 5.65 8.22 83.78 93.71 17.23 63.39 4.06 3.09

BEARE H Grass 6.41 85.2 0.2 31.75 7.12 83.18 0.47 58.75
Grass #2 Root 1.11 14.8 0.43 68.25 1.44 16.82 0.33 41.25
/it Subtotal 7.52 10.94 0.63 0.71 8.56 31.5 0.8 0.61

AHEEIE M Litter 5.38 7.84 4.99 5.58 1.39 5.11 6.22 4.73

BT Total 68.76 100 89.4 100 27.18 100 131.42 100

3.5 TR ZHEIT
K AR R AR R SR BAVER B , BRI R B A s LT F IR
YIrp 2RSS AL T &2 4 T BB AR AL, 35 P AU B A T X R SRR A MRS T
WXERFEEEBBGET) , B TRE B0 R0, Bk s + BT Z A0, ZHEA KR (LR S) . KB
+ BEATI KRR T AEAN B, A+ 084, AR B ARAR, (B b T W S ot IX O R K B AR 4
FEHEYX RIS, AR R AR T HAE, WAk 9 R, RUBME R A B XA R E
R R BB, HABTIX B B RIRE RIS AR , SRR 5 B3R H AL, Fh2E LABERITE A\ 3= B9 R AR
+ KB+ BT IR L R + KT IX A BN SHHIEE T R E TR, S EE R, SET
PR AL, PR Z AR, S R BRBE, (B BA e T8 SR, S B, RBAIK
= IEAR K, NFERL#EAT A B T PUOe #E R e TRAR A v 0 o

£5 FRTRERBEESHFETL

Table 5 Changes in plant community diversity index in different disturbance areas

i H Item I I m v v

Fh2& Species number 34 39 27 9 46

FR 5 ¥ Shannon-Winner index 3.82 3.84 3.81 0.72 4.13

35 BF Evenness 0.8 0.81 0.86 0.84 0.77

A2 MEE Simpson index 0.18 0.1 0.11 0.05 0.23
4 i

4.1 WEHTRRX T SRR
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